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Abstract 
Cordyceps sinensis and Codyceps militaris have long been used as traditional 
Chinese medicine and tonic food. Cordyceps sinensis is rare, expensive and difficult 
to standardize, cultivated Cordyceps militaris is often used as a replacement. 
Proteomic study on Cordyceps militaris was performed. The mycelia and fruiting 
bodies were from artificial culture. Proteins were studied via 2D gel electrophoresis 
and mass spectrometry. Through database mining, new proteins from mycelia and 
fruiting bodies of Cordyceps militaris were identified and categorized. 
The comparison of the anti-tumor proliferating effects of the four types of water 
extracts: mycelia extract of Cordyceps militaris, fruiting body extract of Cordyceps 
militaris, mycelia extract of Cordyceps sinensis and fruiting body extract of 
Cordyceps sinensis, on tumor cell line SVTtert and normal cell line Hs68 were 
performed. Mycelia extract and fruiting body extract of Cordyceps militaris were 
found to be the two most effective extracts and their anti-tumor proliferating 
efficiency was further confirmed on tumor cell lines HepG2, H292 and Neuro2a. 
Normal cell line WIL2-NS was used as another control. 
Changes in protein expression profiles on SV7tert and Hs68 cell lines after 
treatment with the two most effective extracts at their respective IC50 values were 
investigated. Total protein extracts from cell lines were separated via 2D gel 
electrophoresis and mass spectrometry analysis was followed. This might correlate 
the proteins involved in controlling the proliferation of tumor cells, so as to provide 
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informative data about the anti-tumor activity of the two extracts at molecular level. 
Western blottings using antibodies for caspase-3 and cleaved caspase-3 were also 
performed. It was found that when cells were treated with the two extracts, caspase-3 
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1 Literature review 
1.1 Introduction to Cordyceps 
Cordyceps or "Dong chong xia chao" has long been used as a traditional Chinese 
medicine and tonic food. It is a parasitic fungus and can specifically infect larva of 
selected species of moth, for example, Hepialidae. In winter, the mycelium grows into 
the body of larva and in summer, the fruit body emerges from the head of the infected 
larva. 
Traditionally, Cordyceps is used as Chinese Medicine to replenish the kidney, 
soothe the lung, relief fatigue, treat night sweating, hyposexualities, hyperglycemia, 
hyperlipidemia, asthemia, respiratory disease, renal dysfunction, renal failure, 
arrhythmias, heart disease and liver disease. It is also used as an adjunct for the 
chemotherapy and the radiotherapy, in order to relieve the side effects. Along with the 
modernization of the traditional Chinese medicine, Cordyceps is gaining more 
attention and many studies have been focused onto the isolations and 
characterizations of the Cordyceps bioactive ingredients and identifications of their 
biological and pharmacological effects. 
Two species of Cordyceps: Cordyceps sinensis ("Dong chong chao") and 
Codyceps militaris ("Bei chong chao") are commonly used as traditional Chinese 
medicine. Their bioactive ingredients, codycepin and adenosine, were proved to have 
anti-cancer effect. Cordyceps sinensis is rare and expensive, Cordyceps militaris is 
often used as a replacement. 
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1.2 Fungal proteomics 
Although protein 2D gel electrophoresis was well developed, characterization of 
fungal proteome is still problematic. The problems include the lack of effective 
protein extraction method and the unavailability of an informative database of fiingi 
for genomic and proteomic analysis. 
1.2.1 Extraction method 
Fungi are highly resistant to most common protein extraction methods since 
fugal cell walls are strong, thick and extremely difficult to be cleaved. Several studies 
had been carried out to examine different lysis methods for fungi (Lanigan, et al., 
2004; Nandakumar and Marten, 2002). Four different lysis methods including 
chemical lysis via boiling with strong base, SDS or commercially available Y-PER® 
and mechanical breakage via disruption with glass beads were investigated. 
Extracting proteins by boiling fungal cells with strong base gave few 
high-molecular-weight proteins. This might be due to the excessive protein 
degradation caused by strong alkaline solution. Similar results were obtained by using 
Y-PER®, with very few observable protein spots and the process was very 
time-consuming as it took up to 3 hours for incubation. Extraction in the presence of 
SDS enhanced the release of proteins from raw ftingal sample, but the yield of 
high-molecular-weight proteins was still low, with aggregation and streaking of 
protein spots observed. The most effective method was the mechanical cell disruption 
via glass bead beating. Proteins of all sizes, including both low- and 
high-molecular-weight proteins, were successfully extracted within a shorter period of 
time. In addition to giving a higher protein yield, mechanical cell disruption method 
minimized protein modifications as temperature was maintained at 4°C and no harsh 
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treatment was performed throughout the lysis process. (Nandakumar and Marten, 
2002) 
Apart from the protein yield, the solubility of the proteins extracted was also an 
important issue. Proteins extracted by the first two methods were found to be 
insoluble in rehydration stock solution for 2D gel electrophoresis (8 M urea, 4% (w/v) 
CHAPS, 1% (w/v) DTT and carrier 2% (v/v) ampholytes 3 - 1 0 NL). In contrast, 
proteins extracted by glass bead beating showed high solubility in rehydration stock 
solution and was found to be the most efficient method for protein extraction from 
fungi. Previously, proteins extracted from two strains of M. tuberculosis by glass bead 
beating successfully resulted approximately 1500 spots in 2D gel electrophoresis 
(Betts, et al.，2000). 
1.2.2 Proteomic study of Cordyceps 
A fibrinolytic enzyme was purified from Cordyceps militaris using a 
combination of ion-exchange chromatography on a DEAE Sephadex A-50 column, 
gel filtration chromatography on a Sephadex G-75 column, and FPLC on a HiLoad 
16/60 Superdex 75 column. The molecular mass of the purified enzyme was estimated 
to be 52kDa by SDS-PAGE，fibrin zymography, and gel-filtration chromatography. 
De novo sequencing of the protein was carried out and the first 19 amino acid residues 
of the N-teraiinal sequence were found to be ALTTQSNVTHGLATISLRQ, which is 
similar to the subtilisin-like serine protease PRIJ from Metarhizium anisopUae van 
anisopliase, a neutral protease with an optimal reaction pH and temperature of 7.4 and 
37°C. From the fibrinolysis pattern, it was deduced that the enzyme rapidly 
hydrolyzed the fibrin a-chain followed by the y-y chains. It also hydrolyzed the 
P-chain, but more slowly. The Aa, Bp, and y chains of fibrinogen were cleaved very 
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rapidly. The enzymatic activity was inhibited by Cu^"*" and Co2+，but enhanced by C a � . 
and Mg2+ ions. Furthermore, fibrinolytic enzyme activity was potently inhibited by 
PMSF and APMSF. This enzyme exhibited a high specificity for the chymotrypsin 
substrate S-2586 indicating it was a chymotrypsin-like serine protease. (Kim, et aL, 
2006) 
In another study, a mushroom lectin was purified from Cordyceps militaris. This 
lectin exhibited hemagglutination activity in mouse and rat erythrocytes, but not in 
human ABO erythrocytes. The molecular mass was estimated to be 31 .OkDa by 
SDS-PAGE under both nonreducing and reducing conditions stained by silver nitrate, 
and was estimated to be 31.4kDa by Superdex-200 HR gel-filtration column. The 
hemagglutination activity was inhibited by sialoglycoproteins, which is glycoproteins 
which contain sialic acid, but not inhibited by mono- or di-saccharides, 
asialoglycoproteins, or de-O-acetylated glycoproteins. The activity reached its 
maximum at pH 6.0-9.1 and at temperature below 50 °C. Circular dichroism 
spectrum analysis was performed and it was found that the lectin contained 27% 
a-helices, 12% p-sheets, 29% P-tums, and 32% random coils. Its binding specificity 
and secondary structure were similar to those of a fungal lectin from Arthrobotrys 
oligospora. However, the N-terminal amino acid sequence of the lectin differed 
greatly from those of other lectins (Jung, et al•，2007). 
Li，et al. purified a novel serine protease with fibrinolytic activity {Cordyceps 
sinensis protease -CSP) from the culture supernatant of Cordyceps sinensis. The 
molecular mass was estimated to be 3 IkDa by SDS-PAGE and it is a single 
polypeptide chain. De novo sequencing of the protein was done and the first 19 amino 
acid residues of the N-teraiinal sequence were found to be AL ATQHGAP W. The 
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proteolytic activity of CSP reached its maximum at pH 7.0 and 40 °C when casein 
was used as a substrate. The effect of chemical agents on the enzyme activity 
indicated that CSP was a serine protease with a free cysteine residue near the active 
site. It hydrolyzed fibrinogen, fibrin and casein with a high efficiency but hydrolyzd 
bovine serum albumin and human serum albumin with a lower efficiency. CSP was 
found to be a plasmin-like protease, but not a plasminogen activator, and it 
preferentially cleaved the Aa chain of fibrinogen and the a-chain of fibrin. (Li, et al., 
2007) 
1.3 Ingredients of Cordyceps and their related biological 
activities 
1.3.1 Polysaccharides 
A recent study investigated the effects of exopolysaccharide fraction (EPSF) 
from one of the anamorphic strains of Cordyceps sinensis on immunocyte activity of 
H22 tumor bearing mice. ICR mice were treated with EPSF for 7 days by 
intraperitoneal injection at doses of 15 mg/kg (low-dose), 30 mg/kg (mid-dose) and 
60 mg/kg (high-dose) after H22 tumor cells were implanted. The results indicated that 
EPSF not only significantly inhibited the H22 tumor growth, but also significantly 
elevated immunocyte activity. It significantly enhanced the phagocytotic capacity of 
peritoneal macrophages and proliferation ability of spleen lymphocytes at all the three 
doses; it significantly promoted macrophages' TNF-a expression and spleen 
lymphocytes' cytotoxicity. EPSF also significantly elevated TNF-a and IFN-y mRNA 
expression in splenic lymphocytes.This experimental finding suggested that EPSF 
could elevate the immunocytes' activity in H22 tumor bearing mice. (Zhang, et al., 
2008) 
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The effects of the exopolysaccharide fraction (EPSF) of a cultivated Cordyceps 
sinensis on c-Myc, c-Fos, and vascular endothelial growth factor (VEGF) expression 
of tumor-bearing mice were investigated. The mice (C57BL/6) were administered 
with three different doses, 15 mg/kg (low-dose), 30 mg/kg (mid-dose) and 60 mg/kg 
(high-dose), of EPSF peritoneally every 2 days, starting from the day of implantation 
of B16 melanoma cells through their tail veins for 27 days (14 times). Results showed 
that c-Myc, c-Fos, and VEGF levels in the lungs and livers of EPSF-treated mice were 
found to be significantly lower than those of untreated mice. This suggested that 
EPSF had inhibited tumor growth in the lungs and livers of mice, and that it might be 
a potential adjuvant in cancer therapy. (Zhang, et al., 2005) 
1.3.2 Nucleosides 
Adenosine and cordycepin were considered as indices for estimation of quality 
of Codyceps militaris and its substitutes (Yu, et al., 2006). These two nucleosides 
raised a lot of discussion about their biological activities. 
1.3.2.1 Cordycepin 
Cordycepin (3'-deoxyadenosine) was reported to possess many pharmacological 
activities including immunological stimulating, anti-cancer, anti-virus and 
anti-infection activities. 
Ho, et al. (2006) investigated the role of cordycepin on anti-inflammation 
cascades in lipopolysaccharide (LPS)-stimulated RAW 264.7 macrophage cells. 
Result showed that cordycepin inhibited the production of NO production by 
down-regulation of inducible nitric oxide synthase (iNOS) and cycloxygenase-2 
(COX-2) gene expression via the suppression of translocation of nuclear factor-KB 
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activation (NF-KB), Akt and p38 phosphorylation. Thus, cordycepin might provide a 
potential therapeutic approach for inflammation-associated disorders. 
In another study, the effect of cordycepin on collagen-induced human platelet 
aggregation was investigated. Cordycepin inhibited collagen-induced platelet 
aggregation in a dose-dependent manner with the presence of various concentrations 
of exogenous CaCh. of two aggregation-inducing molecules, cytosolic free Cs^^ and 
thromboxane A2. Result also suggested that the inhibitory effect of cordycepin on 
platelet aggregation might be associated with the down-regulation of Ca�— and the 
elevation of adenosine 3',5'-cyclic monophosphate / guanosine 3'，5'-cyclic 
monophosphate production. (Cho, et al.，2007) 
Inhibition of B16-BL6 mouse melanoma cells proliferation by cordycepin was 
demonstrated by Yoshikawa, et al. (2007). It was accomplished by stimulating 
adenosine A3 receptors followed by the Wnt signaling pathway, including GSK-3p 
activation and cyclin D1 inhibition; and its effect was antagonized by MRS 1191，a 
selective adenosine A3 receptor antagonist. 
Another study investigated the anti-tumor effect of orally administered 
cordycepin in mice inoculated with B16-BL6 mouse melanoma cells premixed with 
extracellular matrix. The enlarged primary tumor lump was weighed 2 weeks after the 
cell inoculation into the right footpad of mice. Cordycepin (0，5 and 15 mg/kg per day) 
was administered orally to the mice for 2 weeks from the date of tumor inoculation. 
Cordycepin (15 mg/kg per day) significantly reduced by 36% the wet weight of the 
primary tumor lump compared to that of the untreated control mice, without any loss 
of bodyweight or systemic toxicity (Yoshikawa, et al., 2004). 
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1.3.2.2 Adenosine 
A recent study investigated the cytotoxic effects of different concentrations of 
adenosine, which was another biomarker of cordyceps, and deoxyadenosine on human 
breast cancer cell lines. Adenosine and deoxyadenosine alone had little effect on cell 
cytotoxicity, but in the presence of EHNA, an adenosine deaminase inhibitor, 
adenosine and deoxyadenosine had a significant growth inhibitory effect on cell lines 
tested. Adenosine /EHNA and deoxyadenosine/EHNA-induced cell death was 
significantly inhibited by NBTI, an inhibitor of nucleoside transport, and 
5'-amino-5'-deoxyadenosine, an inhibitor of adenosine kinase. Moreover, these effects 
were not affected by 8-phenyltheophylline, a broad inhibitor of adenosine receptors. 
The adenosine/EHNA combination brought about morphological changes consistent 
with apoptosis. The results suggested that extracellular adenosine and deoxyadenosine 
could enter the cells and both of them were converted into AMP and dAMP 
respectively followed by activation of nucleoside kinase, and eventually activate the 
mitochondrial/intrinsic apoptotic pathway, in both oestrogen receptor-positive 
(MCF-7) and oestrogen receptor-negative (MDA-MB468) human breast cancer cells 
(Hashemi, et al., 2005). 
The biochemical mechanisms of anti-proliferative effects of aqueous extract of 
Cordyceps militaris in human leukemia U937 cells were also investigated. It was 
found that aqueous extract of Cordyceps militaris could inhibit cell growth of U937 
cells in a dose-dependent manner associated with morphological changes and 
apoptotic cell death. Aqueous extract of Cordyceps militaris also caused a reduced 
expression of anti-apoptotic Bcl-2 and proteolytic activation of caspase-3 in aqueous 
extract of Cordyceps militaris -treated U937 cells, but the pro-apoptotic Bax 
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expression and activity of caspase-9 were not affected by aqueous extract of 
Cordyceps militaris. Furthermore, treatment with aqueous extract of Cordyceps 
militaris caused the inhibition of cyclooxygenase-2 and accumulation of 
prostaglandin E2 ina dose-dependent manner. These results indicated that aqueous 
extract of Cordyceps militaris had an anti-proliferative effect, which was associated 
with the induction of apoptotic cell death through regulation of several major growth 
regulatory gene products (Park, et al., 2005). 
1.4 Cordyceps and their related biological activities 
1.4.1 Cordyceps militaris 
A study investigated the effects of extract from Cordyceps militaris on 
angiogenesis and tumor growth using human umbilical vein endothelial cells, HT1080， 
and B16-F10 cells. DNA fragments, angiogenic related gene expressions (MMPs, 
bFGF, VEGF, etc), capillary tube formation, tumor growth in vivo were measured. 
Results showed that extract from Cordyceps militaris inhibited the proliferation of 
umbilical vein endothelial cells and HT1080 (P<0.01), and extract from Cordyceps 
militaris with concentrations of 100 and 200 mg/L reduced MMP-2 gene expression 
in HT1080 cells by 6.0% and 22.9% after 3-h treatment and by 14.9% and 32.8% 
after 6-h treatment respectively. The extract did not affect MMP-9 gene expression in 
umbilical vein endothelial cells but inhibited tube formation of endothelial cells in 
vitro and in vivo and repressed the growth of B16-F10 melanoma cells in mice 
compared with control group (p<0.05) (Yoo, et al., 2004). 
In another study, the hot water extract of Cordyceps militaris cultivated fruiting 
bodies demonstrated a potent cytotoxic effect against the proliferation of the human 
premyelocytic leukemia cell HL-60. The IC50 was 0.8 mg/ml for a 12-hoiir treatment. 
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The extract induced the characteristic apoptotic symptoms in the HL-60 cells， 
including DNA fragmentation and chromatin condensation, which occurred within 
12-16 hour of treatment at a dose of 1 mg/ml. The activation of caspase-3 and the 
specific proteolytic cleavage of poly (ADP-ribose) polymerase were also detected 
during the course of apoptosis induction. These results indicated that the Cordyceps 
militaris extract might have potential therapeutic effect against human leukemia (Lee, 
et al.，2006). 
Also, it was discovered that native low-density lipoprotein (LDL) in low 
concentrations promoted proliferation of cultured human glomerular mesangial cells. 
Increased concentrations of LDL led to increased [3H]-thymidine incorporation into 
DNA of human glomerular mesangial cells. With Cordyceps militaris at similar 
concentrations plus LDL, [3H]-thymidine incorporated at a much lower rate, which 
suggested that Cordyceps militaris inhibited the proliferation of cultured human 
glomerular mesangial cell induced by LDL (Wu, et al., 2000). 
1.4.2 Cordyceps sinensis 
In a study mouse Ley dig tumor cells, MA-10 cells, were treated with different 
reagents in the presence or absence of Cordyceps sinensis (10 mg/ml) for 3 h to 
determine the mechanism of the induction of steroidogenesis. Results illustrated that 
Cordyceps sinensis activated the Gs protein subunit to induce cell steroidogenesis, but 
not Gi protein. Cordyceps sinensis induced the expression of steroidogenic acute 
regulatory (StAR) protein in dose- and time-dependent manners. Result suggested that 
Cordyceps sinensis activated both phosphokinase A and phosphokinase C signal 
transduction pathways to stimulate MA-10 cell steroidogenesis. (Chen, et al., 2005) 
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Cordyceps sinensis mycelium extract at 25 ug/mL induced nuclear fragmentation 
and DNA degradation, the two hallmark events of apoptosis, in the HL-60 cells within 
12-24 hrs of treatment. There was release of cytochrome c into the cytoplasm, 
decrease in Bcl-2 protein level, translocation of Bax protein from cytoplasm into 
mitochondria, and activation of caspase-2, -3，and -9, which were the major events in 
the mitochondrial signal pathway. Moreover, caspase-8, the initiator caspase in the 
death receptor pathway, was not activated. These results suggested that the extract 
induced apoptosis in HL-60 cell through the mitochondrial pathway rather than the 
death receptor pathway (Zhang, et al, 2004). 
Another study investigated the effect of the water extract of Cordyceps sinensis 
on liver metastasis of Lewis lung carcinoma and B16 melanoma (B16) cells in 
C57BL/6 mice. Mice were given an inoculation of Lewis lung carcinoma and B16 
cells, with water extract of Cordyceps sinensis daily administered. After 20 and 26 
days respectively, the mice were sacrificed, the tumor cells increased in the thigh in 
Lewis lung carcinoma -inoculated mice and in the footpad in B16-inoculated mice. 
The relative liver weight of the water extract of Cordyceps sinensis -administered 
mice was significantly decreased relatively to that of the control mice in both the 
Lewis lung carcinoma and B16 experiments, while cordycepin (3'-deoxyadenosine), 
an active component of water extract of Cordyceps sinensis, was not cytotoxic against 
these cells. The findings suggested that water extract of Cordyceps sinensis has an 
anti-metastatic activity probably due to components other than cordycepin (Nakamura, 
etal.，1999). 
It was also discovered that Native low-density lipoprotein (LDL), in low 
concentrations, promotes proliferation of cultured human glomerular mesangial cells. 
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Increased concentrations of LDL led to increased [3 H]-thymidine incorporation into 
DNA of human glomerular mesangial cells. With Cordyceps sinensis at similar 
concentrations plus LDL, [3H]-thymidine incorporated at a much lower rate, which 
suggested that Cordyceps sinensis inhibited proliferation of cultured human 
glomerular mesangial cell induced by LDL (Wu, et al., 2000). 
1.5 Proteomic analysis of proteome change 
1.5.1 Proteomic tools used to study the change in protein expression 
Sequencing of genomes of many organisms had been completed in recent years, 
but genomes only determine proteins that show the framework in cells within most of 
the highly complex intracellular processes take place. Extensive studies on mRNA 
expression had been performed and quantified in order to find out proteins that can be 
translated in the cell. Moreover, analysis had shown that although there was a strong 
correlation between intracellular mRNA and protein concentrations in most 
circumstances, this correlation is not for all the case (Celis, et al.，2000). Therefore, it 
is very important to perform the proteomic studies: to increase the chance of 
identifying differentially expressed genes and to identify the post-translational 
modifications that will affect the functions of proteins. 
Proteomic work can serve as a tool for discovering and identifying the 
disease-associated biomarkers by comparing the proteome of normal cells with that of 
the tumor cells. This would help to define the cancer-associated proteins for the basis 
of early detection and diagnosis of cancer progression (Ryu, et al., 2003). For 
example, alteration in isoenzymes of human aldehyde dehydrogenase was found to be 
correlated to hepatocellular carcinoma (Ryu, et al., 2003). These data would help the 
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identification of therapeutic targets and the development of new strategies against 
cancers. 
1.5.2 Two-dimensional gel electrophoresis 
Two-dimensional gel electrophoresis is a very powerful technique for separating 
and visualizing a large number of proteins present in a single sample. It can be used to 
give a general picture for the interested proteome. A mixture of proteins is first 
separated based on their isoelectric points by ampholyte gradients. Then by applying 
an electric field, the separated proteins are further separated according to their 
molecular weights in a polyacrylamide gel matrix. With the greatest resolving power, 
thousands of proteins can be separated by one gel. Further analysis with improved 
resolution can be performed by gels with narrow pH range or gels with a larger size. 
In addition to the increase in resolution, the number of proteins appeared on the gel 
will also be increased. 
1.5.3 Mass spectrometry 
Interested spots can be analyzed by the assistance of mass spectrometry for 
protein identification. The basic components of mass spectrometry include ionization 
sources, mass analyzers and ion detectors. By determining the masses of the peptides 
resulted from the digested protein, a peptide-mass fingerprint (PMF) can be obtained. 
With the reference of this fingerprint, data can be compared with predicted 
peptide-mass fingerprint of proteins in the database. Thus, two-dimensional 
electrophoresis and mass spectrometry will be available for large scale proteomic 
work (McDonald and Yates, 2000). 
In a PMF database search, protein score is used to describe the degree of match 
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for each protein to the predicted peptide-mass fingerprint of proteins in the database, 
higher the score implies higher degree of match. In a MS/MS database search, ion 
score is used to describe the degree of match for each peptide to the MS/MS peak lists 
database, higher the score implies higher degree of match; peptide count is the 
number of identified peptides that could be matched to the suggested database protein. 
In both PMF and MS/MS database search, confidence interval % (C.I. %) is used to 
determine the confidence level of the score. In most studies, Mascot Significance 
Level is adopted, it is the value above which protein scores (MS data) and ion scores 
(MS/MS data) are considered to be statistically non-random at the 95% confidence 
interval 
Although proteomic study is a very powerful methodology, several common 
limitations are found. Hydrophobic proteins do not solubilize well in the rehydration 
stock solution of isoelectric focusing as the detergents suitable for isoelectric focusing 
usually have limited ability to dissolve membrane proteins. This would be critical for 
clinical research as they are the main targets for detection of cancer and drug targeting. 
This problem happened when the proteome is characterized by one-step sample 
preparation from a crude homogenate. It will display all the expressed proteins under 
the given physiological conditions, but this approach may fail to discover the gene 
products that are present in particular subcellular compartments. Fractionation 
techniques can be used to isolate proteins in distinct subcellular locations and may 
help to get insights of cellular processes and discover new gene products (Dreger, 
2003). Improvements in extraction methods are needed in order to harvest these 
proteins in distinct subcellular fractions (Abdolzade-Bavil, et al., 2004). Besides, 
sequential protein re-solublization may separate the proteins according to their 
hydrophobicity using commercially available protein extraction kits. 
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In addition, resolution of proteins in the whole cell proteome is usually low in trial. 
For the low abundance proteins, it is not easy for them to be detected, which could be 
resolved by increasing the amount of sample load. A mixture of proteins in one spot is 
another common problem. By increasing the resolution of the gel by a series of 
narrow and overlapping isoelectric ranges, resulting a serial zooming of protein 
profile, the proteins of interest could be discovered. Moreover, increasing the 
sensitivity of protein detection method helps to improve the capacity of 
two-dimensional electrophoresis. Gels can be stained by silver staining because it can 
offer a detection limit as low as Ing. However, this kind of staining is easily 
hampered by its nonstoichiomtric reactivity, therefore, other techniques employing 
the fluorescent dyes, like DIGE have been developed. Finally, detection of 
post-translational modifications and low quantity of protein identification require high 
sensitivity equipments and other 2D techniques. 
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1.6 Objective 
From the literature, it was found that there is very little data available on the total 
proteome of Cordyceps militaris, moverover, there are existing no direct comparison 
of anti-tumor proliferation effect between the cultivated Cordyceps militaris and dried 
Cordyceps sinensis. These are the two major types of Cordyceps that often used as tiie 
traditional Chinese medicine and tonic food. Also, there is no direct comparison of 
anti-tumor proliferation effect between the cultivated fruiting body and mycelia of 
Cordyceps. This project had the following aims: 1) To initiate the investigation on the 
protein expression profiles between the mycelia and fruiting bodies of cultivated 
Codyceps militaris. 2) To study and compare the anti-tumor proliferation activity of 
the water extracts of the fruiting bodies and mycelia of the cultivated Cordyceps 
militaris and dried Cordyceps sinensis. 
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2 Methodology 
2.1 Cultivation of Cordyceps militaris 
Cordyceps militaris was cultivated on the rabbit food medium (25g rabbit food, 15g agar 
with 4% (w/v) sucrose and 1% (w/v) yeast extract in IL Milli-Q water) (Millipore). The 
preparation was as follows: Rabbit food in Milli-Q water was heated with a microwave oven 
until it is just boiled. The debris was then filtered out with 3 piles of cheesecloth. Yeast 
extract (Bacto), sucrose (USB) and agar (Bacto) were added to the filtrate and then the whole 
mixture was sterilized by autoclave for 15 minutes. About 75mL medium was added to a 
75cm^ cell culture flask (BD Falcon). Mycelia of Cordyceps militaris were inoculated onto 
the agar in flowhood. The cultures were allowed to stay still at room temperature for 1 month 
and the mycelia can be collected. 
To collect the fruiting body from Cordyceps militaris, after inoculation for 2 months, 
fruiting body started to grow on top of the mycelia; and one more month later, fruiting body 
has grown to a bigger size and ready to be collected. 
2.2 Proteomic study on Cordyceps militaris 
2.2.1 Extraction of proteins from Cordyceps militaris 
The mycelia and fruiting body from Cordyceps militaris were collected and ground in 
liquid nitrogen respectively using pestle and mortar. Then, 15% TCA/acetone was added to 
the ground sample and the mixture was vortexed with glass beads. Centrifiigation at lOOOrpm 
(Eppendof centrifuge 581 OR) for 1 minute was performed to collect the supernatant, which 
was stored at -20°C overnight for protein precipitation. Afterwards, the suspension was 
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centrifiiged at SOOOrpm (Eppendof centrifuge 581 OR) at 4°C for 15 minutes and the 
supernatant was discarded. The pellet was washed with ice-cool acetone and centrifugation at 
4000rpm (Eppendof centrifuge 581 OR) for 1 minute was performed in order to remove any 
remaining solution. The pellet was air-dried for 5 minutes and resuspended in rehydration 
stock solution (8M urea, 2% (w/v) CHAPS, 0.002% (w/v) bromophenol blue). Then, the 
solution was transferred to a l.SmL microcentrifuge tube and centrifiiged at 14000rpm 
(Labnet spectrafuge 16M) for 5 minutes to remove any insoluble components. After that, the 
supernatant was collected and transferred into a new 1.5mL microcentrifuge tube and stored 
at -80�C before use. 
2.2.2 Protein quantification 
Each protein concentration was measured using PlusOne 2-D Quant Kit (GE Healthcare). 
A standard curve was prepared for every quantitation using the 2mg/mL bovine serum 
albumin (BSA) standard solution provided in the kit. The essay range was 0.5-50ug. 500uL 
Precipitant was added in each tube, including the standard curve tubes. The tubes were 
vortexed briefly and than incubated at room temperature for 2-3 minutes. Then 500uL 
Co-precipitant was added to each tube, mixed by inversion and the tubes were centrifiiged at 
lOOOOg for 5 minutes. A small pellet of protein should then be visible. In order to avoid 
resuspension, the supernatant was decanted rapidly. The tubes were repositioned in the 
centrifuge with the cap-hinge and the pellet pointing outward. The tubes were then 
centrifuged briefly again in order to bring the remaining fluid to the bottom of the tubes. The 
remaining supernatant should be completely removed. Then, lOOuL copper solution and 
400uL distilled water was added to each tube and the precipitated protein should be totally 
dissolved. ImL of working reagent, which was prepared by mixing 100 parts of color reagent 
A with 1 part of color reagent B, was added to each tube. The tubes was mixed by inversion 
and incubated at room temperature for 15-20 minutes. Finally, the absorbance at 480mn of all 
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the tubes including the standard curve tubes was measured using distilled water as blank. A 
standard curve of the absorbance of the standards against the quantity of protein was plotted 
and the protein concentration of the samples can be determined using the standard curve. 
2.2.3 2D Gel electrophoresis 
Isoelectric focusing (lEF) was performed using Ettan IPGphor III isoelectric focusing 
system (GE Healthcare). The samples was quantified by PlusOne 2-D Quant Kit as 
mentioned in the Protein Quantitaion section and normalized to 80ug. Rehydration stock 
solution and 2% (v/v) Pharmalyte (GE Healthcare) of corresponding pH range were added to 
bring up to a volume of 125uL. The prepared sample was applied to the Immoboline Dry Strip 
gels (7cm, nonlinear pH3-10) by rehydration loading overnight. The first dimension (lEF) 
was performed at 9500Vhr. 
Before the second dimension, the IPG strip was equilibrated at room temperature for 15 
minutes in the SDS equilibration buffer containing 50mM Tris-HCl pH8.8, 6M urea, 30% 
(v/v) glycerol, 2% (w/v) SDS and 0.002% bromophenol blue.1% (w/v), DTT was added prior 
to use. The strip was then washed with Milli-Q water (Millipore) briefly and further 
equilibrated at room temperature for another 15 minutes in the SDS equilibration buffer 
containing SOmM Tris-HCl pH8.8, 6M urea, 30% (v/v) glycerol, 2% (w/v) SDS, 0.002% 
bromophenol blue and 2.5% (w/v) iodoacetamide. 
The strip was washed with Milli-Q water (Millipore) briefly again and put onto the 4% 
stacking gels and 12% separating gels with 1mm gel thickness. The strip was covered with 
400uL agarose sealing solution with SDS electrophoresis buffer containing 25mM Tris-base, 
192mM glycine, 0.1% (w/v) SDS; 0.5% agarose and 0.002% (w/v) bromophenol blue. The 
agarose sealing solution was allowed to polymerize. The gels and the SDS electrophoresis 
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buffer mentioned above was put inside the electrophoresis systems (Invitrogen XCell 
Surelock mini-vertical electrophoresis systems, two gels per unit) and run at 80V for 30 
minutes and then 180V for 1.5h. 
After the second dimension run, the gel was washed with Milli-Q water and then stained 
with 50ml Coomassie staining solution which contains 45% (v/v) methanol, 10% (v/v) acetic 
acid, 0.15% (w/v) Coomassie Brilliant Blue R250 for 20 minutes. The gels will be finally 
destained overnight using 50mL destaining solution containing 45% (v/v) methanol, 10% 
(v/v) acetic acid in Milli-Q water (Decker et al., 2003). 
2.2.4 Image analysis 
The gel was stained and destained and then scanned under visible light at 300dpi using 
ImageScanner (Amersham Biosciences). Analysis was performed using the computer 
program, ImageMaster 2D Platinum 5.0 (Amersham Biosciences). Spots were detected 
automatically while manual spot editing and deleting was performed if necessary. Distinct 
spots were selected throughout the gel for alignment and matching of the spots after the 
mass-spectrometry analysis. Gels were studied in duplicates, gel with the protein spots from 
the untreated cell line was used as a reference gel. 
2.2.5 In gel digestion and MALDI-ToF MS 
All spot from the gel were excised after image analysis. The spots transferred to 1.5mL 
microcentrifuge tubes were destained with 50mM ammonium bicarbonate, dehydrated with 
ACN and then dried completely using a SpeedVac (LABCONCO). SuL of 50mM ammonium 
bicarbonate containing 20ng/uL Sequencing Grade modified trypsin (Promega) was added to 
the protein spots for rehydration and protein digestion. The samples were incubated overnight 
at 37°C. Afterwards, 3uL extraction buffer (75% ACN, 2.5% TFA) was added to the samples, 
21 
followed by sonicated for 10 minutes. 0.4 uL digested sample solution in the microcentrifuge 
tube was then spoted onto mass-spec plate twice, and then 0.4uL matrix 
(x-cyano-4-hydroxycmnainic acid) was spoted. Mass spectrometry was performed using the 
4700 proteomics analyzer (Applied Biosystems). The mass tolerance of 0.5 atomic mass unit 
was set in all searches. Oxidation of methionines was taken into account for the modification. 
The peptide mass fingerprint data collected was then searched against the NCBI database 
with the all taxonomy selection. The proteins with C.l.% larger than 95 was classified as 
confirmed match. 
2.3 Preparation of Cordyceps extracts for anti-proliferation assay on 
cell lines 
2.3.1 lypes of the extracts of Cordyceps 
Four types of water extracts of Cordyceps militaris were prepared: 1) Mycelia extract 
from cultivated Cordyceps militaris; 2) Fruiting body extract from cultivated Cordyceps 
militaris', 3) Mycelia extract from wild Cordyceps sinensis and 4) Fruiting body extract from 
wild Cordyceps sinensis. 
2.3.2 Preparation of the extracts of Cordyceps 
5g of mycelia and fruiting body of Cordyceps militaris and Cordyceps sinensis collected 
were ground in liquid nitrogen using pestle and mortar. Milli-Q water was added to the 
ground sample and they were sonicated for 15 minutes. Then all portions were centrifiiged 
and the supematants were re-centrifuged to further remove the debris, and finally the 
supernatant was taken for lyopholization. The different types of dry powder of the extracts 
were collected and stored in the desiccators for further usage. 
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2.4 Anti-proliferation assay on cell lines for extract screening 
2.4.1 Cell lines and culturing condition 
The cell lines i) Human angiomyolipoma (SV7 tert) and ii) Human foreskin fibroblast 
(Hs68) are adhesive cells and were used in this study. Both cell lines was grown in DMEM 
(Invitrogen Life Technologies) supplemented with 4.93% (v/v) sodium bicarbonate 
(Invitrogen Life Technologies), 10% (v/v) FBS (Invitrogen Life Technologies) and penicillin 
(lOOU/mL) (Invitrogen Life Technologies). All cell lines were purchased from American 
Type Culture Collection (ATCC) .The cell lines were kept in the incubator of 5% CO2 at 
37°C in humidified atmosphere. 
2.4.2 Viable cell count using trypan blue exclusion method 
When cells grew to confluence, the medium inside the culture flask was discarded, and 
the cells was washed with IX phosphate buffer saline (IX PBS) (Invitrogen Life 
Technologies) twice. Then 2mL 0.05% trypsin-EDTA (Invitrogen Life Technologies) was 
added to perform trypsinization in order to detach the cells from the flask. The activity of 
trypsin-EDTA was terminated by adding 3 ml medium as medium contains FBS which 
contains trypsin inhibitor. The cells were transferred to a 50mL centrifuge tube and 
centrifuged at llOOrpm (Eppendof centrifuge 581 OR) for 5 mins. The supernatant was 
discarded and the pellet was resuspended in 5mL medium by vortexing. Viable cell count 
was performed using the tryphan blue exclusion method at each passage to ensure the cells 
were in exponential phase throughout the experiment (Baatout et al., 2004). Equal volume of 
cell suspension and 20mg/mL tryphan blue dye (Sigma) were mixed well. The tryphan blue 
exclusion method is a negative staining method: the viable cells appear transparent in the dye, 
while the dead cells were stained as they lose their membrane integrity and they will absorb 
the dye. Viable cell density was found out using the Petroff Hausser counter (a 
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haemocytometer of 0.02mm depth). The cell density can than be calculated by the following 
equation: 
Cell density (cells/mL) = cell number x 1/0.02 x 1000 x 1/2 
2.4.3 Anti-proliferation assay on SV7 tert using MTT assay 
Similar procedures were performed as mentioned in viable cell count using trypan blue 
exclusion method section. The cells were diluted with medium in order to obtain the optimal 
plating density of IxloVwell. lOOuL/well of corresponding cells suspension were seeded in 
96-well microtiter plates (BD Falcon) and incubated in incubator, with 5% CO2, at 37°C for 
24 hrs to allow cell attachment. After incubation, the lyopholized water extracts of different 
concentrations were dissolved in the medium directly, filtered with a filter of 0.22um pore 
size and added to the cells (lOOuL/well). Each concentration was added to the plates in 10 
replicates. Control wells were the corresponding cells added with medium but without any 
extract. 16 wells were left blank for the background absorbance during the OD measurement. 
The plates were incubated for 48 hrs. At the end of each incubation period, the plates were 
centrifuged at 2500rpm (Eppendof centrifuge 5810R) for 5 minutes. After pouring away the 
medium, the residual medium was removed by inverting the plates and centrifuged at 300rpm 
(Eppendof centrifuge 5810R) for 1 minute. Then, 30uL 3-(4，5-Dimethylthiazol-2-yl)-2, 
5-diphenyl tetrazolium bromide (MTT; Sigma) dissolved in IX PBS at Smg/mL was added to 
each well. The plates were incubated at 37°C for 2 hours. Afterwards, the MTT solution was 
removed by the same mean as removing the medium. Viable cells would then be stained as 
blue precipitant. The color was developed and eluted with lOOuL dimethyl sulfoxide (DMSO; 
Sigma) per well. The plate contents were automixed for 10 seconds and the absorbance was 
taken at 570nm using a microplate spectrophotomemter (SpectraMax 250, Molecular Devices) 
(Varvaresou, et al., 2004). 
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2.4.4 Determination of the IC50 values 
Percentage of inhibition was calculated using the following formula: 
Average absorbance of cells with medium and water extract - average background absorbance 
X 100 
Average absorbance of cells with medium only - average background absorbance 
The percentage of cells in each well of the only culture medium was decided as 100%. 
IC50 (the inhibitory concentration, 50%) acts as a parameter for the measures of the effective 
concentrations at which 50% of cell density were inhibited after treating with the water 
extracts. (Varvaresou et al., 2004). 
The two extracts with the lowest IC50 values were used for further investigation. 
2.4.5 Statistical Analysis 
Data are presented as mean 士 SD with Microsoft Excel made statistical analyses. 
Multiple comparisons between variance were done with Bonferroni test (ANOVA) using 
SPSS software, difference with p<0.01 were considered statistically significant. 
2.5 Anti-proliferation assay on other cell lines using the two screened 
extracts 
2.5.1 Cell lines and culturing condition 
The cancer cell lines i) Mouse neuroblast (Neuro2a), ii) Human mucoepidermoid 
pulmonary carcinoma (H292) and iii) Human hepatocellular carcinoma (HepG2) are adhesive 
cells and were used in this study. The normal cell line B lymphocyte (WIL2-NS) is 
suspending cells and was also used as control. 
For Neuro2a, H292 and WIL2-NS, they were grown in DMEM (Invitrogen Life 
Technologies,) supplemented with 4.93% (v/v) sodium bicarbonate (Invitrogen Life 
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Technologies), 10% (v/v) FBS (Invitrogen Life Technologies) and penicillin (lOOU/mL) 
(Invitrogen Life Technologies). 
For HepG2, they were grown in RPMI (Invitrogen Life Technologies) supplemented with 
4.93% (v/v) sodium bicarbonate (Invitrogen Life Technologies), 10% (v/v) FBS (Invitrogen 
Life Technologies) and penicillin (lOOU/mL) (Invitrogen Life Technologies). All cell lines 
were purchased from American Type Culture Collection (ATCC) .The cell lines were kept in 
the incubator of 5% CO2 at 37°C in humidified atmosphere. 
2.5.2 Anti-proliferation assay on on HepG2, H292, Neuro2a，WIL2-NS cells 
using MTT assay 
The cytotoxic effects of the water extracts were evaluated by MTT assay as mentioned 
from section 2.4.2 to section 2.4.5. Normal cell line B lymphocyte was used as another 
control to determine whether the water extracts exerted any cytotoxic effects on normal 
human cells. And the other cancer cell lines were used to further investigate in the 
anti-proliferation effect of the Cordyceps in the cancer cell lines. 
2.6 Proteomic studies for SVTtert and Hs68 after the treatment of 
extracts 
2.6.1 Protein sample preparation of SVTtert and Hs68 
The study was performed on the SVTtert and Hs68 cell lines. Larger scale of each of the 
cell batches grew in 6-well plate from the anti-proliferation assay was obtained. The medium 
was removed by pipette. For 6 wells which contained the same type of cells having the same 
treatment, 120uL rehydration stock solution (8M urea, 2% (w/v) CHAPS, 0.002% (w/v) 
bromophenol blue) was added and cell scraper was used to lift the cell from the plate. Freeze 
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and thaw were performed to lyse the cell and the cell lysate was transferred to a l.SmL 
microcentrifuge tube and centrifiiged at 14000rpm (Labnet spectrafuge 16M) for 5 minutes, 
the supernatant was collected and centrifiiged again at the same condition to further remove 
the cell debits. After that, the supernatant was collected in a new 1.5mL microcentrifuge tube 
and stored at -80�C before use. 
2.6.2 Protein quantification 
Protein concentrations of the samples were determined as mentioned in section 2.2.2. 
2.6.3 2D Gel electrophoresis 
2D gel electrophoresis was performed as mentioned in section 2.2.3. 
2.6.4 Image analysis 
Image analysis for the 2D gels was performed as mentioned in section 2.2.4. 
2.7 Western Immunoblotting 
In order to investigate if the cells have undergone the caspase-dependent apoptosis after 
treatment, western immunoblottings for caspase 3，cleaved caspase 3 and actin were 
performed. If the cells has undergone the caspase-dependent apoptosis, their caspase 3, which 
is the inactivated form, will be cleaved into the cleaved caspase 3，which is the activated form. 
Immunobloting for actin was performed as the control. 
2.7.1 Protein sample preparation of SV7tert and Hs68 
The study was performed on the SV7tert and Hs68 cell lines. Larger scale of each of the cell 
batches grew in 6-well plate was obtained as the anti-proliferation assay. After adding the 
extracts for 0 hr, 4 hrs, 8 hrs and 48 hrs, photos were taken for the cell to investigate the cell 
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growth before the medium was removed by pipette. For 6 wells which contained the same 
type of cells having the same treatment, 120uL rehydration stock solution (8M urea, 2% (w/v) 
CHAPS, 0.002% (w/v) bromophenol blue) was added and cell scraper was used to lyse the 
cell. Then, the cell lysate was transferred to a l.SmL microcentrifuge tube and centrifuge at 
MOOOrpm (Labnet spectrafiige 16M) for 5 minutes. The supernatant was collected and 
centrifiiged again in the same condition to further remove the cell debits. After that, the 
supernatant was collected into a new 1.5mL microcentrifuge tube and stored at -80°C before 
use. 
2.7.2 SDS-PAGE 
A 10-wells polyacryamide gels containing 4% stacking gels and 12% separating gels 
with 1mm gel thickness were set. 20ug of the protein samples in rehydration stock solution 
prepared within 1 week after harvesting the cells were loaded into each well for analysis. 4uL 
of biotinylated protein ladder (Cell signaling technology) was used for each gel. The gels and 
the SDS electrophoresis buffer mentioned above was put inside the electrophoresis systems 
(Invitrogen XCell Surelock mini-vertical electrophoresis systems, two gels per unit) and run 
with 80V for 30 minutes and then 180V for 1.5h. 
2.7.3 Protein Blotting 
After running, the gel was washed with Milli-Q water, and put inside the iBlot™ Dry 
Blotting System (Invitrogen) together with iBlot Anode Stack (containing the PVDF 
membrane, 0.2 i^m, low fluorescence), filter paper and the iBlot顶 Cathode Stack. Any 
trapped air bubble that interfered with efficient protein transfer was removed using the 
de-bubbling Roller. Pre-set protocol P3 was used for 7 minutes in order to perform the 
blotting. 
28 
2.7.4 Membrane Blocking and Antibody Incubations 
The membrane was incubated in 25 mL blocking buffer (TBST containing 2mM 
Tri-HCl, 15mM NaCl，pH7.5，0.1% Tween-20 with 5% (w/v) BSA) for 1 hour at room 
temperature with gentle shaking. Then, the membrane was washed for 5 minutes with 15 mL 
TBST (2mM Tri-HCl, 15mM NaCl, pH7.5, 0.1% Tween-20) for three times. The membrane 
was then incubated with primary antibody (1:1000) (Cell signaling technology) in 4 mL 
TBST with gentle agitation overnight at 4°C. After that, the membrane was washed three 
times for 5 minutes with 15 mL TBST. HRP-conjugated secondary antibody (1:2000) (Cell 
signaling technology) and HRP-conjugated anti-biotin antibody (1:1000) (Cell signaling 
technology) in 4 mL TBST was then added to detect biotinylated protein markers and the 
primary antibody. Gentle agitation for 1 hour was allowed at room temperature. The 
membrane was washed again for three times for 5 minutes with 15 mL TBST. 
2.7.5 Detection of Proteins 
ImL LumiGLO® (50uL 20X LumiGLO®, 50uL 20X peroxide and 900uL Milli-Q water) 
was added onto the membrane and incubate at room temperature for 1 minute. The membrane 
was then wraped in plastic wrap. Chemiluminescence image detection was done for 30 
seconds using a Lumi-Imager F1 (Roche). 
29 
3 Results 
3.1 Proteins identification in Cordyceps militaris 
3.1.1 2D gel electrophoresis analysis and resolution 
Quantitations of the total protein extracts from mycelia and fruiting body of Cordyceps 
militaris were carried out to standardize the total protein concentrations in samples. After 
obtaining the calibration curve using BSA as standard (Fig. 3.1), the corresponding total 
protein concentrations were calculated. 
Tube Number 1 2 3 4 5 
Volume of 2mg/ml 0 5 10 15 20 
BSA standard 
soultuion (ul) 
Protein queantity 0 10 20 30 40 
(ug) 
0.5 1 
i � . 4 s � � � — — 
句 0.3 
I Q 2 V = - Q . Q Q 4 U + Q . 4 3 3 4 
‘ R 2 = 0 . 9 9 9 6 
与 0 . 1 ： 
0 ‘ ‘ ‘ ‘ 
0 10 20 30 40 50 
u g o f B S A 
Fig. 3.1 Standard curve for protein concentration calculations 
30 
2D gel electrophoresis was first performed on a 7 cm linear IPG strip with pi 3 -10 using 
three different batches of sample collected to ensure the reproducibility and allow 
visualization of the general proteome 2D patterns. 
3.1.2 Identification and categorization of proteins of mycelia and fruiting body 
of Cordyceps militaris 
Approximately 130 spots were excised on the 7cm gels with pi 3 — 10 gradient and 
subjected to a series of treatment for in-gel tryptic digestion. The extracted peptides with their 
corresponding mass fingerprints were analyzed via the 4700 Proteomics Analyzer. 
Submission of data was performed directly to the NCBI database. Isoforms with an identical 
primary structure in the protein matching were classified as a protein. Out of 130 protein 
spots excised for the gel of fruiting body of Cordyceps militaris, 55 proteins were positively 
matched to the NCBI database. The identification rate was about 40%. The matched proteins 
were listed in Table 3.1 and the reference map was shown in Fig. 3.2. Out of 120 protein spots 
excised for the gel of mycelia of Cordyceps militaris, 77 proteins were positively matched to 
the NCBI database. The identification rate was about 60%. The matched proteins were listed 
in Table 3.2 and the reference map was shown in Fig. 3.3 
Tables 3.2, 3.3 list the information of the identified proteins: the spot number analyzed 
by GPS Explorer, the protein identity, accession number, protein molecular weight, protein pi, 
peptide count, protein score C.L %, best ion score and best ion C.L%. The proteins were 
categorized with the following functions: Antioxidant; biosynthesis; DNA repairing and 
binding; energy production and conservation; metabolism; post-translational modification， 
protein turnover, chaperones; protease; structural protein; storage; transport and regulatory 



















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































3.2 Investigation of anti-proliferating activity of extracts using MTT 
assays on SVTtert and Hs68 cell lines 
3.2.1 Mycelia extract from Cordyceps militaris 
The anti-proliferation effect of mycelia extract from Cordyceps militaris on the cancer cell 
line (SVTtert) and the normal cell (Hs68) are shown (Fig 3.4 and 3.5). The data indicated that 
mycelia extract from Cordyceps militaris exhibited an anti-proliferating activity in a 
dose-dependent manner for SVTtert. The results of IC50 values revealed that the extract was 
effective in low concentrations in SVTtert, significant inhibitions could be observed at low 
concentrations with p<0.01 (IC50 value = 0.06 mg/ml) but only little effect can be displayed in 
Hs68 (IC50 value cannot be reached, IC20 value = 0.5 mg/ml). The IC50 value of mycelia extract 
from Cordyceps militaris was low for SVTtert, it is even lower than that of the cordycepin and 
adenosine (Fig 3.12). 
3.2.2 Fruiting body extract from Cordyceps militaris 
The anti-proliferation effect of fruiting body extract from Cordyceps militaris on the cancer 
cell line (SVTtert) and the normal cell (Hs68) are shown (Fig 3.6, 3.7). The data indicated that 
fruiting body extract from Cordyceps militaris exhibited an anti-proliferating activity in a 
dose-dependent manner for SVTtert. The results of IC50 values revealed fruiting body extract 
from Cordyceps militaris was effective at low concentrations in SVTtert, significant inhibitions 
could be observed at low concentrations with p<0.01 (IC50 value = 0.02 mg/ml) while a low 
cytotoxic effect was found in Hs68 (IC50 value = 0.052 mg/ml) . The IC50 value of fruiting body 
extract from Cordyceps militaris extract from Cordyceps militaris was low for SVTtert, it is even 
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Fig. 3.7 Effect of fruiting body extract of Cordyceps militaris on Hs68 
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Fig. 3.6 Effect of fruiting body extract of Cordyceps militaris on SVTtert 
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Fig. 3.7 Effect of fruiting body extract of Cordyceps militaris on Hs68 
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3.2.3 Mycelia extract from Cordyceps sinensis 
The anti-proliferation effect of mycelia extract from Cordyceps sinensis on the cancer cell 
line (SVTtert) and the normal cell (Hs68) are shown (Fig 3.8，3.9). The data indicated that 
mycelia extract from Cordyceps sinensis exhibited an anti-proliferating activity in a 
dose-dependent maimer for SVTtert. The results of IC50 values revealed mycelia extract from 
Cordyceps sinensis was only effective at high concentrations in SVTtert, significant inhibitions 
could be observed at high concentrations with p<0.01 (IC50 value = 0.9 mg/ml) but none could be 
displayed in Hs68 as no cytotoxic effect was found. The IC50 value of mycelia extract from 
Cordyceps sinensis extract was high for SVTtert, this indicated that the extract is not suitable to 
be used as an anti-cancer drug. 
3.2.4 Fruiting body extract from Cordyceps sinensis 
The anti-proliferation effect of fruiting body extract from Cordyceps sinensis on the cancer 
cell line (SVTtert) and the normal cell (Hs68) are shown (Fig 3.10, 3.11). The data indicated that 
fruiting body extract from Cordyceps sinensis exhibited an anti-proliferating activity in a 
dose-dependent manner for SVTtert. The results of IC50 values revealed fruiting body extract 
from Cordyceps sinensis was only effective at high concentrations in SVTtert, significant 
inhibitions could be observed at high concentrations with p<0.01 (IC50 values 1.75 mg/ml) but 
none could be displayed in Hs68 as no cytotoxic effect was found. The IC50 value of mycelia 
extract from Cordyceps sinensis extract was high for SVTtert, this indicated that the extract is not 
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Fig. 3.11 Effect of fruiting body extract of Cordyceps sinensis on Hs68 
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3.2.5 Screening of extracts 
From the IC50 values of different extracts (Fig. 3.12 )，it was found that both of the mycelia 
and fruiting body extracts of Cordyceps militaris are capable of inhibiting the proliferation of 
cancer cells most effectively compared with the mycelia and fruiting body extracts of Cordyceps 
sinensis and the two bio-markers, cordycepin and adenosin. Thus these two extracts were 
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Fig. 3.12 The IC50 values of Cordyceps extracts and nucleotides on SVTtert and Hs68 cell 
lines 
(Result of Cordycepin and Adenosine, Tarn, 2004，unpublished) (CMM: mycelia extract of 
Cordyceps militaris; CMFB: fruiting body extract of Cordyceps militaris; CSM: mycelia extract 
of Cordyceps sinensis-, CSFB: fruiting body extract of Cordyceps sinensis) 
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3.3 Investigation of anti-proliferating activity of extracts using MTT 
assays on HepG2, H292, Neuro2a and WIL2-NS cell lines 
3.3.1 Mycelia extract from Cordyceps militaris 
The anti-proliferation effect of mycelia extract from Cordyceps militaris on the cancer cell 
lines (HepG2，H292, Neuro2a) and the normal cell (WIL2-NS) was shown (Fig 3.13, 3.14, 3.15, 
3.16). The data indicated that mycelia extract from Cordyceps militaris exhibited an 
anti-proliferating activity in a dose-dependent manner for HepG2, Neuro2a and H292 cell lines. 
The results of IC50 values revealed mycelia extract from Cordyceps militaris was effective in low 
concentrations in HepG2, H292 and Neiiro2a, significant inhibitions could be observed at low 
concentrations with p<0.01 (IC50 values = 0.035 mg/ml, O.OSmg/ml, 0.01 mg/ml) but only little 
effect can be displayed in WIL2-NS (IC50 value cannot be reached, IC20 value = 0.29 mg/ml). 
3.3.2 Fruiting body extract from Cordyceps militaris 
The anti-proliferation effect of fruiting body extract from Cordyceps militaris on the cancer 
cell lines (HepG2, H292, Neuro2a) and the normal cell (WIL2-NS) was shown (Fig 3.17，3.18, 
3.19, 3.20). The data indicated that fruiting body extract from Cordyceps militaris exhibited an 
anti-proliferating activity in a dose-dependent manner on HepG2, H292 and Neuro2a cell lines. 
The results of IC50 values revealed mycelia extract from Cordyceps militaris was effective in low 
concentrations in HepG2, H292, Neuro2a significant inhibitions could be observed at low 
concentrations with p<0.01 (IC50 values = 0.007 mg/ml, 0.0075mg/ml，0.004 mg/ml) but none 
could be displayed in WIL2-NS as no cytotoxic effect was found. 
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3.4 Changes in total protein expression profiles in SVTtert and Hs68 cell 
lines 
3.4.1 Corresponding extract treatment of cell lines 
Cell line (SVTtert) was treated with either mycelia or fruiting body extract from Cordyceps 
militaris at the concentrations of their corresponding IC50 from the MTT assay. Control and 
treated cell lines (either with mycelia or fruiting body extract from Cordyceps militaris) were 
collected after 48-hours treatment. Three groups of SVTtert cell line sunder different conditions 
were compared: SV7tert-without treatment; SV7tert—treated with mycelia extract from 
Cordyceps militaris (IC50： 0.06 ug/ml); SV7tert-treated with cordycepin fruiting body extract 
from Cordyceps militaris (IC50: 0.02 ug/ml). 
Normal cell line (Hs68) was used as control to determine weather there were any changes 
upon treatment with mycelia or fruiting body extract from Cordyceps militaris. Identification the 
IC50 of mycelia and fruiting body extract from Cordyceps militaris of SVTtert were then 
followed. Cells under normal and treatment (with mycelia or fruiting body extract from 
Cordyceps militaris) were harvested after 48-hours treatment. Three groups of Hs68 under 
different conditions were compared: Hs68-without treatment; Hs68tert-treated with mycelia 
extract from Cordyceps militaris (IC50： 0.06 ug/ml); Hs68-treated with cordycepin fruiting body 
extract from Cordyceps militaris (IC50： 0.02 ug/ml). 
3.4.2 2D gel electrophoresis analysis of protein from cells (SVTtert or Hs68) 
Proteins expression differences in cell lines under normal and treatment (with either 
mycelia or fruiting body extract from Cordyceps militaris) conditions were studied by 2D gel 
electrophoresis. 2D gel electrophoresis were analyzed in duplicate in the same group. In each 2D 
57 
gel analysis, 70ug of proteins from the corresponding harvested cell lines were used. Total 
proteins were separated by 7cm gels with p/s in the range 3-10 (linear) and the molecular masses 
of 6-200kDa.Gels were compared via Image Master 5.0 (GE Healthcare). Gel with the proteins 
from untreated cell lines were chosen as the reference gel. The reference gel was marked with 
numbers. These numbers represented the identified spots (proteins or isoforms). Significant 
changes in protein expression were corresponded to at least two-fold variations within the 
comparison of normal and treatment conditions of each cell type. 
3.4.2.1 SVTtert study 
Fig. 3.21, 3.22 and 3.23 display three representative 2D gel images of SV7tert under normal, 
treatment with mycelia and fruiting body extract from Cordyceps militaris repectively. The total 
number of spots detectable in the reference gel was approximately 200. All of the spots were 
matched among 3 gels. 
For SV7tert cells treated with mycelia extract from Cordyceps militaris, there were 13 spots 
showed with significant changes in protein expressions. A total of two spots (proteins or 
isoforms) were up-regulated and eleven spots (proteins or isoforms) were down-regulated in 
comparing with the reference gel. 
For SV7tert cells treated with treated with fruiting body extract from Cordyceps militaris, 
there were 20 spots shown with significant changes in protein expression. A total of five spots 
(proteins or isoforms) were up-regulated and fifteen spots (proteins or isoforms) were 
down-regulated in comparing with the reference gel. 
3.4.2.2 Hs68 study 
Fig. 3.24, 3.25 and 3.26 display three representative gel images of Hs68 under normal, 
58 
treatment with mycelia or fruiting body extract of Cordyceps militaris repectively. The total 
number of spots detected in the reference gel was approximately 200. All of the spots were 
matched among 3 gels. 
For Hs68 cells treated with treated with mycelia extract from Cordyceps militaris, there 
were five spots shown with significant changes in protein expressions. 3 spots (proteins or 
isoforais) were up-regulated and two spots (proteins or isoforms) were down-regulated compared 
with the reference gel. 
For Hs68 cells treated with treated with fruiting body extract from Cordyceps militaris, 

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































3.4.3 Protein identification 
The protein spots of interest from Coomassie Brilliant-stained gels in these cell lines were 
excised and subjected to a series of treatment for in-gel tryptic digestion. The tryptic peptides 
were extracted and analyzed via the 4700 Proteomics Analyzer MALDI-TOF/TOF (Applied 
Biosystems) with their corresponding mass fingerprints. Submission of peptide mass lists was 
performed directly to the NCBI database. Tables 3.3, 3.4 and 3.5 list the information of the 
identified proteins which is being up-regulated or down regulated: the spot ID, regulation, 
protein name, accession number, protein molecular weight, protein pi, peptide count, protein 
score, protein score C.I. %, best ion score. The proteins are also categorized according to their 
functions: detoxification; homeostasis; membrane protein and transport; metabolism; nuclear 
transport; protein folding; signal transduction; stress induced protein, structural component; 
transcription repressor 
3.4.3.1 Changes in protein expressions in SVTtert after mycelia extract 
‘ \ 
treatment 
Among the twelve identified proteins, two proteins had the same identity 
(Glyceraldehyde-3 -phosphate dehydrogenase), and another two proteins had the same identity 
(PR02619). Eight proteins (glyceraldehy de-3 -phosphate dehydrogenase; heat shock protein 27; 
vimentin; unnamed protein product; unknown (protein for IMAGE:3538275); PR02619; 
PR02675; serum albumin) were down-regulated. Two proteins (Serum albumin; tropomyosin 1 
alpha chain isoform 5) were up-regulated (Table 3.3). 
3.4.3.2 Changes in protein expressions in Hs68 after mycelia extract treatment 
Three proteins (annexin I，caldesmon, pro alpha 1(1) collagen) were down-regulated. Two 
proteins (chain B of triosephosphate isomerase, glutathione transferase) were up-regulated 
(Table 3.4). 
66 
3.4.3.3 Changes in protein expressions in SVTtert after fruiting body extract 
treatment 
Among the 20 identified proteins, 2 proteins had the same identity (an unnamed protein 
product, which actually is the intermediate filament head DNA binding region), other 2 proteins 
also had the same identity (glyceraldehyde-3-phosphate dehydrogenase), another 3 proteins had 
the same identity (PR02619). There were 11 proteins (nucleophosmin 1 isoforai 2; calreticulin 
precursor; voltage-dependent anion channel 2; glyceraldehyde-3 -phosphate dehydrogenase; heat 
shock 70kDa protein 8 isoform 1 ； vimentin; unnamed protein product, which is the intermediate 
filament head DNA binding region; Unknown (protein for IMAGE:3538275), which is actin; 
PR02619; PR02675; aiinexin A2) were down-regulated. 5 proteins (serum albumin; tumor 
protein, translationally-controlled; tropomyosin 3 isoform 2; RAN binding protein 1; 
hypothetical protein, similar to (AB021644)) were up-regulated (Table 3.5). 
3.4.3.4 Changes in protein expressions in Hs68 after fruiting body extract 
treatment 

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































3.5 Western immunoblotting 
In order to investigate if the cells undergone caspase-dependent apoptosis after treatment, 
western immimoblottings for caspase 3，cleaved caspase 3 and actin were performed. If the cells 
under caspase-dependent apoptosis, their caspase 3 which is the inactivated form will be cleaved 
into the cleaved caspase 3 which is the activated form. 
3.5.1 Corresponding extract treatment of cell lines 
Cell line (SVTtert) was treated with either mycelia or fruiting body extract from Cordyceps 
militaris at the concentrations of their corresponding IC50 from the MTT assay. Cells under 
normal and treatment (either with mycelia or fruiting body extract from Cordyceps militaris) 
conditions were harvested at defined time interval (0 hr, 4 hrs, 8 hrs, 48 hrs). 3 groups of SV7tert 
under different conditions were compared: SVTtert-without treatment; SV7tert—treated with 
mycelia extract from Cordyceps militaris (IC50： 0.08 ug/ml); SVTtert-treated with cordycepin 
fruiting body extract from Cordyceps militaris (IC50： 0.025 ug/ml). 
Normal cell line (Hs68) was acted as a control to determine weather there were any effect 
when the cells were treated with mycelia and fruiting body extract from Cordyceps militaris. 
IC50 of mycelia and fruiting body extract from Cordyceps militaris of SVTtert were investigated. 
Cells under normal and treatment (with mycelia and fruiting body extract from Cordyceps 
militaris) conditions were collected. 3 groups of Hs68 under different conditions were 
compared: Hs68-without treatment; Hs68tert-treated with mycelia extract from Cordyceps 
militaris (IC50： 0.08ug/ml); Hs68-treated with cordycepin fruiting body extract from Cordyceps 
militaris (IC50： 0.025 ug/ml). 
Immunobloting for actin was acted as the control. Cells were collected at 0 hr, 4 hrs, 8 hrs, 
48 hrs after treatments in order to monitor the change in activities of caspase 3. Photos of cells at 






























































































































































3.5.2 Normalization of protein loading using anti-actin antibody 
Fig.3.29 shows the results of the Western immunoblotting for actin. All the samples had a 
band which shows the same amount of actin was present in each lane, suggesting that the same 
» 
amount of proteins were added for each sample. 
1 2 3 4 5 6 7 
處 . _ 講 聽 麵 _ 麵 
Lane 1 ： SVTtert treated for 0 hr 
Lane 2: SVTtert treated with mycelia extract of Cordyceps militaris for 4 hrs 
Lane 3: SVTtert treated with mycelia extract of Cordyceps militaris for 8 hrs 
Lane 4: SV7tert treated with mycelia extract of Cordyceps militaris for 48 hrs 
Lane 5: SVTtert treated with fruiting body extract of Cordyceps militaris 4 hrs 
Lane 6: SVTtert treated with fruiting body extract of Cordyceps militaris 8 hrs 
Lane 7: SVTtert treated with fruiting body extract of Cordyceps militaris for 48 hrs 
Fig. 3.29 Western immunoblotting for actin 
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3.5.3 Detection of caspase 3 by use of antibody 
This antibody would detect both caspase 3 and cleaved caspase 3. Fig.3.30 and Fig. 3.31 
shows the results of the Western immunoblotting for caspase 3. All the samples expressed a band 
at 35 kDa, which is the band for the un-cleaved caspase, but do not have band at 17 and 19 kDa, 
which is the band for the cleaved caspase. This shows that all the samples contained the same 
amount of caspase 3, and no caspase 3 was cleaved in any of the sample. This implies that the 
caspase 3 was kept in the inactive, un-cleaved form, and thus, no caspase-dependent apoptosis 
occured. 
3.5.4 Detection of cleaved caspase 3 by use of antibody 
Fig.3.30 and Fig 3.31 shows the results of the Western immunoblotting for cleaved caspase 
3. All the samples had no band at 17 and 19 kDa. This further confirmed that no caspase 3 was 
cleaved in any of the sample. This implies that the caspase 3 was kept in the inactive, un-cleaved 
form, and thus, no caspase-dependent apoptosis ocpured. 
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1 2 3 4 5 6 1 2 3 4 5 6 
t f 
50 kDa ——• | S 霧 
40 kDa • ^ _ 
30 kDa _ • , , • • 夢 
Ab - Caspase 3 Ab- Cleaved Caspase 3 
Lane 1: Marker 
Lane 2: SVTtert treated for 0 hr 
Lane 3: SVVtert treated with mycelia extract of Cordyceps militaris for 4 hrs 
Lane 4: SVTtert treated with mycelia extract of Cordyceps militaris for 8 hrs 
Lane 5: SVVtert treated with fruiting body extract of Cordyceps militaris 4 hrs 
Lane 6: SV7tert treated with fruiting body extract of Cordyceps militaris 8 hrs 
Fig. 3.30 Western immunobloting for caspase 3 and cleaved caspase 3 for 0, 4 and 8 hrs 
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1 2 3 4 1 2 3 4 
一 眷'• 
50 kDa • 
40 k D a ^ 、：. ；， •，� . . 
30 kDa ^ 
Ab - Caspase 3 Ab - Cleaved Caspase 3 
Lane 1: Marker 
Lane 2: SVTtert treated with medium for 48 hrs 
Lane 3: SVTtert treated with mycelia extract of Cordyceps militaris for 48 hrs 
Lane 4: SVTtert treated with fruiting body extract of Cordyceps militaris for 48 hrs 
Fig. 3.31 Western immunobloting for caspase 3 and cleaved caspase 3 for 48 hrs 
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4 Discussion 
4.1 Identification of proteins in Cordyceps militaris 
Table 4.1, Fig. 4.1，Fig 4.2 show the distribution of proteins in different 
categories of mycelia and fruiting body of Cordyceps militaris. The results indicate 
that mycelium stage of Cordyceps militaris consisted of mainly proteins and enzymes 
responisble for synthesizing the bio-molecules and controlling the growth and 
developmental process. Fruiting body stage of Cordyceps militaris consisted of 
proteins as antioxidants to protect the spore from oxidative damage, and as storage 
proteins to provide the energy for the growth of spore. It was also found that fruiting 
body had a far higher proportion of proteins responsible for energy production, 
conservation and metabolism, suggesting that a lot of energy is needed for the 
development of fruiting body. 
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Category Number of proteins identified 
Mycelia Fruiting body 
Antioxidant 0 2 
Biosynthesis 6 0 
DNA repairing and binding 4 0 
Energy production and conservation 7 11 
Metabolism 22 21 
Post-translational modification, protein 7 3 
turnover, chaperones 
Protease 4 3 
Structural 6 8 
Storage 0 4 
Transport and Regulatory Units 6 0 
Unknown function 15 3 
Total proteins identified I Spot 77/130 55/130 
picked 
Table 4.1 Comparison of protein categories identified between mycelia and 
fruiting body of Cordyceps militaris 
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• Antioxidant 
r ^ O . 0 0 % •Biosynthecis 
「•7.79。/o 
• 19.43% ^ ^ ^ ^ ^ ^ ^ • DtlA repairing and binding 
/ • Energy production and 
/ Z \ • 9.09% Conscnarion 
^ ^ ^ ^ \ • Metabolism 
• 7.790/0 
• Post-tttinslarional 
• 0.00% ^ ^ ^ ^ ^ protein turnover, chapcrones 
7.79% \ ^ ^ ^ 
^W ^^^^^^ miQ.siVo 
• 5.19% ^ ^ ^ ^ ^ 
^ ^ ^ ^ ^ ^ • Storage 
• 9.09% 
B Transport and Regulatory Units 
• Unknown function 
Fig. 4.1 Categorization and distribution of proteins in mycelia of Cordyceps 
militaris 
• Antioxidant 
•5。/o"| • Biosynthesis 
• o%"\ m 4t： 0% 
口 Dt从 repairing and binding 
mE 0 20% _ 
H w \ • Energy production and 
/ ^ ^ ^ ^ ^ ^ \ Conscn'oiion 
• 150/0/ ^ ^ ^ W \ • Metabolism 




B Transport and Regulatory Units 
• Unknown function 
Fig. 4.2 Categorization and distribution of proteins in fruiting body of 
Cordyceps militaris 
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4.2 Difficulties in identifying the proteins in Cordyceps militaris 
Although proteomics is a powerful tool, various limitations exist within this 
field of study and improvements are needed. The yield of extraction of total protein 
is very low, only 50-70ug protein can be extracted from lOg Cordyceps militaris 
sample. Different methods had been tried including using lysis buffer (GE 
Healthcare) and boiling the sample in sodium hydroxide solution, and the best 
method is the one used for this study. 
The solubility problems of hydrophobic proteins has to be solved, as it was 
found that many solid debris left behind after rehydration using rehydration stock 
solution, suggesting that there may be a lot of insoluble proteins in the rehydration 
stock solution. Suggested method of improvement includes sequential protein 
solubilization that may separate the proteins according to their hydrophobicity using 
commercially available protein extraction kits (Qiagen). 
It was also found that many proteins or peptides were successfully detected by 
the MS analysis. However, their corresponding match in the database of NCBI could 
not be identified. This should be due to the incompletion of the genome and 
proteome database of Cordyceps militaris and fungi. Also, there may be mixture of 
proteins in one spot in the 2D gel. By using a series of narrow and overlapping 
isoelectric ranges which results in a serial zooming of protein profile, more proteins 
should be able to be identified. Another method is using a longer IPG strip and a 
larger gel to enhance gel resolution. However, both methods require more samples. 
4.3 Investigation of anti-proliferating activity of extracts 
From the results of MTT assay, both mycelia and fruiting body extracts of 
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Cordyceps militaris could inhibit the growth of cancer cells (SVTtert, HepG2, H292, 
Neuro2a) in a dose-dependent maimer. Fruiting body extract always had a lower IC50 
values than mycelia extract. Both mycelia and fruiting body extracts from Cordyceps 
militaris found to have a higher anti-proliferation activity than the 2 bio-makers, 
cordycepin and adenosine. Both extracts showed a comparatively little or no effect 
on the normal cells (Hs68, W1L2-NS), which implied that the 2 extracts were the 
potential anti-cancer drugs. 
4.4 Changes in cell total protein expression profiles in SVTtert 
and Hs68 cell lines 
In recent years, genomes of many organisms have been sequenced. Extensive 
studies on mRNA expression have been performed and quantified. But analysis 
showed that there were only few correlations between intracellular mRNA and 
protein concentrations (Celis et al., 2000). This shows the importance of proteomic 
study: the identification of proteins with significant changes helps to increase the 
chance to identify the differentially expressed proteins. 
Comprehensive data analysis and understanding of biological systems requires 
the generation of quantitative data sets comprising characteristics of various proteins 
in order to enable multiple comparisons and meaningful data interpretation. 
Therefore, the whole cell proteome was chosen as the study model in the chosen 
cancer cells and normal cells so as to generate a general picture before any further 
investigation. As alternation in protein abundance always implicated the importance 
of the protein involvement in various cellular events: signaling pathways, 
progression of specific developmental stages, physiological stages, changes in the 
protein expressions within the same cell line were investigated. The proteins with 
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significant changes in abundance were described as below. 
4.4.1 Protein alterations in SVTtert treated with mycelia extract 
Eight proteins (glyceraldehyde-3-phosphate dehydrogenase; heat shock protein 
27; vimentin; unnamed protein product; unknown (protein for IMAGE:3538275); 
PR02619; PR02675; serum albumin) were down-regulated. Two proteins (Serum 
albumin; tropomyosin 1 alpha chain isoform 5) were up-regulated (Table 3.3). Heat 
shock protein 27 and Gly ceraldehyde-3 -phosphate dehydrogenase are non-structural 
components and are chosen for discussion. 
4.4.1.1 Heat shock protein 27 (Hsp27) 
Heat shock protein 27 belongs to the alpha-crystallin-type heat shock protein, 
which is a family of small stress induced proteins ranging from 12 to 43kDa, whose 
common feature is the alpha-crystallin domain. They were generally active as large 
oligomers consisting of multiple subunits (cd00298, conserved domain database, 
NCBI). 
This protein was proved to be involved in cellular protections in response to a 
variety of stresses such as heat shock, toxicants, and oxidative stress (Lee, et al., 
2007)，among the most strongly induced chaperones during cellular stress and was a 
potent tumour survival factor. It can bind to a wide variety of client proteins and 
prevents aggregation of unfolded proteins (Duggan, et al, 2001). In different tumour 
models, heat shock proteins had been associated with treatment resistance and 
apoptosis (Concaimon, et al., 2003; Chen, et. al, 2008). Down regulation of Hsp27 may 
thus lead to production of more misfolded proteins and increased chance of apoptosis. 
Hsp27 could modulate cell functions via interaction with the actin cytoskeleton. 
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It was also suggested that Hsp27 could enhance cell adhesion and modulate cell 
migration and invasion via the coordination of FAK-dependent actin organization 
and STAT3-dependent MMP-2 expression, and that phosphorylation of Hsp27 was 
indispensable to regulate this signal pathway (Lee, et al., 2007). Down regulation of 
Hsp27 may also lead to decreased cell adhesion and decreased proliferaiton rate of 
cells. 
4.4.1.2 Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) 
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) had been considered as 
a house keeping protein involved in the glycolysis (Sirover, 1999). GAPDH 
catalyzed the conversion of glyceraldehyde-3-phosphate to 1，3-bisphosphoglycerate 
in the glycolytic pathway, which was a key step in glycolysis, as it was an 
irreversible reaction. It could also covert the NAD+ to the high energy NADH 
(Tatton et al., 2000). 
Some studies demonstrated that mammalian GAPDH had the role other than 
providing glycolytic function. These included membrane, cytoplasmic and nuclear 
functions in endocytosis, mRNA regulation, tRNA export, DNA replication and 
DNA repair (Meyer-Siegler et al., 1992; Mansur et al., 1993; Gong et al., 1996). 
Research showed that GAPDH had the structural association with cell membrane, 
and its function was to act as a tubulin binding protein. (Ercolani et al., 1992; 
Kumagai and Sakai, 1983) These results demonstrated that GAPDH plays an active 
role in endocytosis. Experimental results also show that there was perinuclear 
localization of GAPDH in actively proliferating human cells (Schultz et al., 1996) 
and it was regarded as mRNA binding protein (Nagy and Rigby, 1995; Schultz et al., 
1996; De et al., 1996). Various studies also revealed a variety of GAPDH/ RNA 
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interactions (Sirover, 1999). 
Down regulation of GAPDH implies a certain extent of malfunction in 
endocytosis and mRNA regulation and synthesis. Also, as it is a key enzyme 
involved in glycolysis, the rate of glycolysis would be decreased and hence the 
production of energy and the proliferation rate of cells. 
4.4.2 Protein alterations in Hs68 with mycelia extract treatment 
Three proteins (annexin I，caldesmon, pro alpha 1(1) collagen) were 
down-regulated. Two proteins (chain B of triosephosphate isomerase, glutathione 
transferase) are up-regulated (Table 3.4). Chain B of triosephosphate isomerase and 
glutathione transferase are chosen for discussion. 
4.4.2.1 Chain B of triosephosphate isomerase - Triosephophate 
isomerase 1 
Triosephophate isomerase (TPIS) is a homodimeric enzyme catalyzing the 
interconversion between D-glyceraldehyde-3-phosphate and dihydroxyacetone 
phosphate. It was involved in glycolysis, gluconeogenesis and triglyceride synthesis 
(Lu et al., 1984). However the down regulation of TPIS would not greatly affect the 
rate of glycolysis greatly, and hence the rate of energy production and cell 
proliferation, as it is not a rate determining step in glycolysis. 
Studies also showed that mutations in human TPIS led to deficiencies in TPIS in 
chronic haemolytic anaemia and various neurodegeneration disorders (Schuster and 
Holzhutter, 1995; Heinrich et al., 1997; Martinov et al., 2000). Proteomic analysis 
demonstrated its elevated expression in lung adenocarcinoma compared to normal 
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lung tissue, and such increase may be related to the increase in both requirements of 
energy and protein synthetic and degradative pathways (Chen et al., 2002). 
4.4.2.2 Glutathione transferase 
Glutathione transferase is a homodimeric cytosolic dimeric protein belongs to a 
family of enzymes, glutathione S-transferases (GSTs)，which is involved in cellular 
detoxification by catalyzing the conjugation of glutathione (GSH) with a wide range 
of endogenous and xenobiotic alkylating agents, including carcinogens, therapeutic 
drugs, environmental toxins and products of oxidative stress (Armstrong, et al., 1997; 
Tsuchida, et al., 1992; Whalen, et al.,1998; Mannervik, et al., 1988). 
Based on the biochemical, immunologic，and structural properties of GSTs, the 
soluble GSTs are categorized into 4 main classes: alpha, mu, pi, and theta. 
Glutathione transferase belongs to the class Pi subfamily (CDD:48625, CDD:48137, 
Conserved domain database, NCBI). It is involved in stress responses and in cellular 
proliferation pathways as an inhibitor of c-Jim N-terminal kinase (JNK). Following 
oxidative stress, monomelic glutathione transferase dissociates from JNK and 
dimerizes, losing its ability to bind JNK and causing an increase in JNK activity, 
thereby promoting apoptosis (Buig, et al., 2005). Glutathione transferase was 
expressed in various tumors and is the predominant GST in a wide range of cancer 
cells. It has been implicated in the development of multidmg-resistant tumors (Lo, et 
al., 2007). This protein is up-regulated and this should be one of the cellular defence 
mechanism against launched against therapeutic drugs, environmental toxins and 
products of oxidative stress by the cells. 
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4.4.3 Protein alterations in SVTtert with fruiting body extract 
treatment 
There were eleven proteins (nucleophosmin 1 isoform 2; calreticulin precursor; 
voltage-dependent anion channel 2; glyceraldehyde-3-phosphate dehydrogenase; 
heat shock 70kDa protein 8 isoform 1 ； vimentin; unnamed protein product, which is 
the intermediate filament head DNA binding region; Unknown (protein for 
IMAGE:3538275), which is actin; PR02619; PR02675; annexin A2) were 
down-regulated. Five proteins (serum albumin; tumor protein, 
translationally-controlled; tropomyosin 3 isoform 2; RAN binding protein 1; 
hypothetical protein, similar to (AB021644)) were up-regulated (Table 3.5). 
Glyceraldehyde-3-phosphate dehydrogenase had been discussed before. The other 
non-structural proteins are chosen for discussion: calreticulin precursor; 
nucleophosmin 1 isoform 2; heat shock 70kDa protein 8 isoform 1; 
voltage-dependent anion channel 2; tumor protein, translationally-controlled; RAN 
binding protein 1. 
4.4.3.1 Calreticulin precusor 
Calreticulin is a multifunctional protein that acts as a major Ca^" -^binding 
(storage) protein in the lumen of the endoplasmic reticulum. It was found to be 
located in sarcoplasmic reticulum where it may bind calcium (Milner, et al., 1992). 
Calreticulin binds to the synthetic peptide KLGFFKR, which is almost identical to an 
amino acid sequence in the DNA-binding domain of the superfamily of nuclear 
receptors (Rojiani, et al., 1991). It had a transcription regulation role as it was also 
found in the nucleus (Bums, et al., 1994)，and it had been proven that calreticulin can 
act as an important modulator of the regulation of gene transcription by nuclear 
hormone receptors (Dedhar, et al., 1994). 
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In another research, the ER-resident calreticulin was found to play a role in the 
control of cell adhesiveness via regulation of expression of vinculin, a cytoskeletal 
protein essential for cell-substratum and cell-cell attachments. Results showed that 
upregulation of calreticulin affects adhesion-dependent phenomena such as cell 
motility which decreases and cell spreading which increases. Downregulation of 
calreticulin found to bring about inverse effects. Cell adhesiveness was regulated by 
the level of Ca^ "^ , but it was not the Ca^ "^  storage function of calreticulin that affects 
cell adhesiveness. The level of calreticulin expression, however, had no effect on 
either the resting cytoplasmic Ca^ ^ concentration or the magnitude of FGF-induced 
Ca2+ transients (Opas, et al., 1996). 
As calreticulin precusor is down-regulated, the dis-regulation of gene 
transcription can be expected, the cell-substratum and cell-cell attachments would 
also decrease, hence affecting the proliferation of the cells. 
4.4.3.2 Nucleophosmin 1 isoform 2 (B23) 
Nucleophosmin is a ubiquitously expressed nucleolar protein that shuttles 
between the nucleus and cytoplasm. It had been identified that nucleophosmin, as a 
component of template activating factor EI that remodels the chromatinlike structure 
of the adenovirus genome complexed with viral basic proteins (Okuwaki, et al., 
2001). Research also showed that it had the histone chaperone activity and involved 
in the transcription regulation of the rRNA gene (Murano, et al., 2008). 
Over-expression of nucleophosmin had also been detected in tumors of various 
histological origins (Gummurthy, et al., 2008). It was found that nucleophosmin 
associates with imduplicated centrosomes and was a direct substrate of 
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cyclin-dependent kinase 2(CDK2)-cyclin E in centrosome, which was required for 
centrosomes to initiate duplication (Tokuyama, et al. 2001). As nucleoplasmin was 
down regulated, there may be dis-regulated of transcription of rRNA and also 
problems may occur during the initiation of chromosome replication and hence the 
cell proliferation rate. 
The expression level of B23 is up-regulated in association with growth 
factor-induced mitogenesis (Feuerstein, et al. 1988). A positive correlation among 
the quantity of B23 and nucleolin, the rate of Pol I transcription, and the cell 
proliferation rate had been reported (Derenzini, 2000). Inactivation of B23 in mouse 
embryonic fibroblasts (MEFs) led to unrestricted centrosome duplication and severe 
genomic instability in addition to reduction of the cell proliferation rate (Grisendi, et 
al., 2005). Similar consequence should be resulted when nucleophosmin is 
down-regulated. 
4.4.3.3 Heat shock 70kDa protein 8 isoform 1 - Heat shock 70kDa 
protein (Hsp70) 
Heat shock protein 70kDa is a molecular chaperone which could bind to nascent 
polypeptides, assist in the synthesis, assembly, folding, translocation, and 
degradation of proteins by ensuring appropriate protein conformation (Hartl, 1996). 
It consists of two regions: the amino terminus was the ATPase domain and the 
carboxyl terminus was the substrate binding region. Hsp70 assisted in folding which 
involves repeated cycles of substrate binding and release, and its activity was ATP 
dependent. It also functions as an ATPase in the disassembly of clathrin-coated 
vesicles during transport of membrane components through the cell. (pfam00012, 
conserved domain database, NCBI) 
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Hsp70 could be induced in response to a wide variety of cellular and 
environmental stresses, including extreme temperatures, extreme ion concentrations, 
cellular energy depletion, and exposure to toxic substances. This induction of 
HspTOkDa was a highly conserved stress response that serves to protect cells against 
subsequent cellular stresses, thus promoting cellular survival (Martindale and 
Holbrook, 2002). 
Hsp70 had also been shown to inhibit apoptosis interfering with apoptotic 
signaling cascades, it inhibited JNK activation and cytochrome c release from the 
mitochondria (Mosser, et al., 1997; Tsuchiya et al., 2003). In addition, Hsp70 had 
been shown to interfere with apoptosome formation required for caspase-9 activation 
(Beere, et al., 2000; Li, et al., 2000; Pandey, et al.,2000; Saleh, et al., 2000). 
Remarkably, it had been discovered that Hsp70 could inhibit cell death even after 
downstream mediators, including caspase-3, have been activated (Jaattela, et al., 
1998). 
The down-regulation of Hsp70 observed in the present study implies certain 
mal-fiinction in transportation of membrane components through the cell. As it is a 
molecular chaperone and being down-regulated, more mis-folded proteins can be 
expected. Also, the ease of cell death through apoptosis increased. 
4.4.3.4 Voltage-dependent anion channel 2 (VDAC2) 
Voltage-dependent anion channel 2，which is also known as the mitochondrial 
porin, is a 31.5kDa pore-forming protein found in the outer mitochondrial membrane, 
and was an isoform restricted to mammals (Cheng, et al., 2003). It played a role in 
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the regulated flux of metabolites across the outer mitochondrial membrane. It had got 
a remarkably similar electrophysiological properties from a variety of organisms 
(Sorgato, et al., 1993). Gating of the channel depended upon the transmembrane 
potential, while its voltage sensitivity was modulated by an intermembrane protein 
(Liu, et al., 1992). At low transmembrane potentials, VDAC2 was in an "open" 
configuration with a preference for anions such as phosphate, chloride, and adenine 
nucleotides. At higher transmembrane potentials, VDAC2 was in a "closed" 
configuration and was more selective for cations (Mannella, et al., 1992). 
In a recent research, VDAC2 was found to be a critical inhibitor of 
BAK-mediated apoptotic responses (Chandra, et al., 2005). VDAC2 interacts 
specifically with the inactive conforaier of BAK and forms a complex. Death 
signals activated "BHS-only" molecules such as tBID, BIM, or BAD, which displace 
VDAC2 from BAK, enabling homo-oligomerization of BAK and apoptosis. Thus, 
VDAC2 regulates the activity of BAK and provided a connection between 
mitochondrial physiology and the core apoptotic pathway. (Cheng, et al., 2003) 
As VDAC2 is down-regulated, the transportation of ions across the outer 
mitochrondrion membrane may be affected. Also BAK can be released more easily 
and may lead to a higher chance of apoptosis. 
4.4.3.5 Tumor protein, translationally controlled (TCTP) 
TCTP was originally identified as a semm-inducible 23-kDa protein band that 
undergoes an early and prominent increase upon serum stimulation in tissue culture 
cells (Benndorf, et al., 1988). TCTP was recently shown to be a tubulin-binding 
protein that dynamically interacts with microtubules during the cell cycle. TCTP 
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localized to microtubules from G1 until metaphase and then detached from the 
spindle at the metaphase-to-anaphase transition. In addition, TCTP levels in 
overexpressing cells were correlated with microtubule stabilization and reduced 
growth rate in vivo (Gachet, et al., 1999). The up regulation of TCTP may have the 
same effect. 
The mitotic polo-like kinases (Plk) phosphorylation sites of TCTP were mapped 
to two serine residues, and overexpression of a double serine-to-alanine mutant of 
TCTP led to an increase of phenotypes associated with mitotic catastrophe such as 
multinucleation and rounded cells with ball-like condensed chromatin (Lane, et al., 
1996; Mundt, et al. 1997). Results showed that TCTP was a key mitotic target of 
Plk for regulating anaphase progression. When TCTP is up-regulated, while Plk is 
not, there may be increase in mitotic catastrophe in the cells, and hence the 
proliferation rate. 
4.4.3.6 RAN binding protein 1 (RANBPl) 
RAN binding protein 1，which is also called Ran/TC4-binding protein, was a 
23-kDa protein interacting specifically with GTP-charged RAN, but not the 
GDP-charged RAN. It had a single Ran-binding domain and was required for 
RanGAP-mediated GTP hydrolysis and release of Ran from nuclear transport 
receptors (karyopherins) (Petersen, et al., 1999). It did not activate GTPase activity 
of RAN but did markedly increase GTP hydrolysis by the RanGTPase-activating 
protein (Coutavas, et al., 1993). It was also a RAN partner that had the highest 
abundance in G2 and mitosis in human cells (Tedeschi, et al., 2007). Research found 
that RanBPl protein levels were cell cycle regulated in mammalian cells, increased 
from S phase to M phase, peaked in metaphase, and abruptly declined in late 
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telophase. Overexpression of RanBPl throughout the cell cycle yielded abnormal 
mitoses characterized by severe defects in spindle polarization. (Guarguaglini, et al.， 
2000) 
Another research also found that RANBPl interacted with the mammalian 
homolog of yeast protein RNAl, a protein involved in RNA transport and processing. 
The results were consistent with the hypothesis that RANBPl and RAN interact to 
affect the cell cycle progression and RNA export (Ren, et al., 1995). The 
up-regulation of RANBPl may lead to mal-function in RNA export. 
4.4.4 Protein alteration in Hs68 with mycelia extract treatment 
There is no observable change in expression, which implies that the biological 
functions in Hs68 were not affected by the mycelia extract of Cordyceps militaris. 
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4.5 Conclusion 
Some selected novel proteins from Cordyceps militaris were identified and 
categorized. This would provide us more information in understanding the 
differences in structures and functions of the mycelia and fruiting body. This data 
could also help us to investigate the developmental process of Cordyceps militaris in 
molecular level, and provide a base for an integrated study of the related genomics 
and proteomics. 
Cordyceps has long been claimed to exhibit anti-tumor effects. These 
informative studies enabled quantitative comparisons of the anti-tumor proliferating 
effect of the four types of water extracts: mycelia extract of Cordyceps militaris, 
fruiting body extract of Cordyceps militaris，mycelia extract of Cordyceps sinensis 
and fruiting body extract of Cordyceps sinensis, on SVTtert and Hs68 cell lines. 
Further confirmation on the anti-tumor proliferating effects of the two types of 
screened water extracts: mycelia extract and fruiting body extract of Cordyceps 
militaris, was performed on HepG2, H292, Neiiro2a, and WIL2-NS cell lines. 
Investigation on the total protein profile of the SVTtert and Hs68 cell lines after 
treatment with the two screened extracts at defined doseages was accomplished, 
which helps to understand the molecular mechanism of the anti-proliferation effect 
on tumor. Western blottings for caspase 3 ad cleaved caspase 3 were also performed. 
It was found that the SVTtert cells do not undergo caspase-dependent apoptosis after 
the treatment of the two screened drugs. These findings may be useful for 
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